Electrostatic discharge occurring between a space charged cloud and a grounded object might be a source of disaster when the discharge occurs in an oil tank and a silo. A source of a space charge discharge is a cloud of charges distributed in space, which never has a constant potential unlike a metal electrode connected to a voltage source. Thus, discharges from a space charged cloud might be quite different from those from a metal electrode. To clarify the inception and extending mechanism of space charge discharge as well as the characteristics of the discharge, it is necessary to generate reproducibly a space charge cloud with a given charge density and size.
A charged particle cloud was formed using three sets of a cloud generator consisting of a blower, a powder feeder and corona charger. The corona charger consists of a discharge wire and a cylindrical grounded electrode. To cause positive discharge from the grounded object toward the charged cloud, the spherical electrode with a diameter of 100 or 125 mm was placed at the distance of 1 m forward of the cloud generator and at 0.7 m in the radial direction from the center axis of the charged particle cloud as shown in Fig. 1 .
Electrical discharge events occurring between the grounded spherical electrode and a charged particle cloud were shown in Fig.  2 , where each line denotes the time and the peak current of discharge. An example of luminous aspects of electrostatic discharge when the applied voltage to the corona charger was set at 19 and 25 kV is shown in Fig. 3 . A brush-like discharge extended from a grounded spherical electrode toward the charged particle cloud. A number of branches in the brush-like discharge extended widely from the tip of the bright streamer channel stemmed at the tip of the spherical electrode. The waveform of discharge current corresponding to the luminous aspect has a steep main peak and the following several small peaks.
When the applied voltage to the corona charger was 19 kV, the average charge quantity of an electrode with 100 and 125 mm was 1.9 and 2.4 µC, respectively. On the other hand, when the applied voltage was 25 kV, the value was 1.8 and 2.3 µC, respectively. Although the higher applied voltage would make total charge quantity in a charged particle cloud higher, highly charged particles tend to disperse toward the outside of the charged particle cloud by an electrostatic repulsion force. Thus, increase of charge density in the charged particle cloud might be hardly expected, even if the applied voltage to the corona charger was increased. Consequently, there would be no large difference in a charge quantity neutralized by a single discharge event.
The applied voltage to the corona charger has an effect of increase of total charge quantity of the generated charged particle cloud. The peak current and neutralized charge quantity of a discharge depended on the electrode size not on applied voltage to the corona charger. Electrostatic discharge occurring between a large-scale charged particle cloud and a grounded spherical electrode was investigated. The charged particle cloud was formed by the cloud generators consisting of a blower and a corona charger. To cause electrostatic discharges between the cloud and a grounded electrode with reproducibility, the grounded spherical electrode with 100 or 125 mm in diameter was set at the outside of the cloud. The charge quantity in a charged particle cloud affected the number of discharges, discharge current and charge quantity. Under the condition of applied voltage to the corona charger of 19 kV, peak value of discharge current for the electrode of 100 and 125 mm diameter was 3.0 and 4.8 A and the charge quantities neutralized in a single discharge was 1.9 and 2.4 µC, respectively. The peak current depends strongly on the diameter of the spherical electrode.
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Introduction
The trials to form a space charge cloud and to cause an electrostatic discharge have been carried out by using water jet (1) (2) and powder particles (3)- (5) .
Temnikov et al. reported that electrostatic discharge up to 2 m length occurred by a charged water aerosol cloud (1) . In contrast, a charged particle cloud was formed with charged powder particles by corona charging and the condition for obtaining high charge density in the cloud was investigated (3) . Brush-like streamer discharge up to 0.7 m length occurred toward the charged particle cloud from a grounded spherical electrode with a 100 mm diameter (4) (5) .
The relationship between the peak current and charge quantity and the current waveform of brush-like streamer discharges were clarified. In order to enlarge the discharge, it is necessary to grasp the effect of charge quantity in a charged particle cloud and the size of the grounded eletrode on extension of the discharge channel.
This paper showed the luminous aspect of a brush-like discharge occurring from a grounded spherical electrode and discharge current , when charge quantity of the cloud was varied with applied voltage to corona charger.
Experimental Setup and Methods
A charged particle cloud was formed using three sets of a cloud generator consisting of a blower, a powder feeder and corona charger, connected with PVC (polyvinyl chloride) pipes as shown in Fig. 1 . To form a large-scale charged particle cloud, soil conditioning particles made of pulverized seashell were used. The particles contain 98 % of calcium carbon trioxide. The particles sieved into the diameter under 250 µm were supplied into the PVC pipes with a constant rate of 20 g/s by a particle feeder and were carried to the corona charger by strong airflow. By passing through the corona charger, the particles were charged and ejected from the outlets. Since the particle was supplied for 5 s, charged particle cloud was formed with 300 g particles.
The corona charger consists of a tungsten wire of 0.1 mm in diameter and a cylindrical grounded electrode with 60 mm in diameter and 300 mm in length as shown in Fig. 2 . To suppress an undesired discharge between the leeward edge of the cylindrical electrode and a charged particle cloud, a discharge Fig. 1 . Outlook of a charged particle cloud generator with three outlets suppressor or a grounded round electrode was attached to the outlet of the corona charger. Negative pulsed voltage generated by a rotary gap switch connected to a capacitor was applied to the wire electrode of the corona charger. The repetition rate of pulsed voltage was set at 280 pps (pulses per second). By applying negative voltage to the discharging wire, negative corona discharge causes around the wire electrode, thereby the supplied particles to the corona charger are charged negatively.
To observe electrical discharge occurring between a charged particle cloud and a grounded electrode, a cubical experimental space using with metal frames with 7 m in length was constructed indoors as shown in Fig. 3 . The space was covered with vinyl sheets to prevent the powder particle from scattering. The floor was grounded by laying the galvanized iron sheets and the sides up to the height of 2.5 m from the floor were surrounded by the grounded metal mesh.
To cause positive discharge from the grounded object toward the charged cloud, the spherical electrode with a diameter of 100 or 125 mm was placed at the distance of 1 m forward of the cloud generator and at 0.7 m in the radial direction from the center axis of the charged particle cloud as shown in Fig. 4 . The luminous aspect of discharge was taken by a charge-coupled device (CCD) video camera equipped with an image intensifier (Hamamatsu, C5100-10). The waveform of discharge current flowing through the grounded electrode was measured with a current transformer (Peason, 4100) and a digital oscilloscope (Tektronix, TDS5104B, sampling rate 5 GS/s), which was capable of recording all waveforms larger than the preset trigger level.
Results and Discussion

Luminous Aspects
Electrical discharge events occurring between the grounded spherical electrode and a charged particle cloud were shown in Fig. 5 , where each line denotes the time and the peak current of discharge. The peak values of the discharge current were almost around 5 A. Regardless of the magnitude of the applied voltage, there is no large difference in the value of peak current. The higher voltage applied to the corona charger, the more often electrical discharge occurred. When the applied voltage was set at 16, 19 and 25 kV and the spherical electrode with 125 mm in diameter was used, the number of discharge was 5, 16 and 26 and the average discharge interval was 569, 277 and 189 ms, respectively.
A charged particle cloud formed by the higher charging voltage would result in the larger amount of charge quantity in the cloud. The electric field strength at the tip of the grounded electrode placed at the outside of the cloud depends on the total charge quantity of the cloud. When it reaches a critical value, the electron avalanche would develop to streamer discharge. As a result, the electric field strength at the tip of the spherical electrode would be recover quickly once a discharge occurred.
An example of luminous aspects of electrostatic discharge is shown in Fig. 6 . A brush-like discharge extends from the grounded spherical electrode with 125 mm in diameter toward the charged particle cloud. A number of branches in the brush-like discharge extended widely from the tip of the bright streamer channel stemmed at the tip of the spherical electrode. The waveform of discharge current corresponding to the luminous aspect as shown in Fig. 6 has a steep main peak and the following several small peaks. Figure 7 shows the comparison of discharge channels and the current waveform of the successive three discharges denoted as A, B and C in Fig. 5(b) . Extension of discharge channels and the position of the stem of the streamer discharge at the surface of the grounded spherical electrode varied with each discharge.
The number of discharges occurring during the 5 s feeding period of the charged particles were summarized Table 1 . As shown in Fig. 5 , the number of discharges was increased with applied voltage to the corona charger. When the applied voltage was set at the higher value, the total charge quantity in the charged particle cloud must increase. The number of discharges was decreased when the large electrode was used. To cause the following discharge toward the cloud, newly charged particles need to be supplied into the region neutralized by the preceding discharge. It inevitably takes longer time to form the strong electric field at the tip of the larger electrode.
Charge Quantity and Peak Current Value
The average value of the peak current and the charge quantity neutralized in a single discharge are also shown with their deviation in Table 1 . The charge quantity was calculated by a time integration of the waveform of each discharge current. The magnitude of discharge current depended only on the diameter of the spherical electrode not on the applied voltage to the corona charger. Relationships between the charge quantity and peak current of discharge occurring toward a charged particle cloud were shown in Fig. 8 . When the applied voltage to the corona charger was 19 kV, the average charge quantity of an electrode with 100 and 125 mm was 1.9 and 2.4 µC, respectively. On the other hand, when the applied voltage was 25 kV, the value was 1.8 and 2.3 µC, respectively.
To make a discharge cause from a grounded spherical electrode, the electric field strength of the tip of the spherical electrode must inevitably reach a critical value to meet streamer inceptopn requirement. The total charge quantity in a charged particle cloud should be larger to cause a discharge from an electrode with larger diameter. When the applied voltage to the corona charger is high, the charge quantity of ejected charged particles becomes large, thereby the charge in the cloud would accumulate quickly. Consequently, there would be no large difference in a charge quantity neutralized by a single discharge event. Fig. 7 . Discharge channels and current waveform of the successive three discharges denoted as A, B and C in Fig. 5(b) 
Conclusion
The characteristics of an electrostatic discharge occurring between a charged particle cloud and a grounded spherical electrode set at the outside of the cloud was investigated focusing on luminous aspects of discharge and characteristics of discharged current waveform. The applied voltage to the corona charger has an effect of increase of total charge quantity of the generated charged particle cloud. The peak current and neutralized charge quantity of a discharge depended on the electrode size not on applied voltage.
To enlarge electrostatic discharge, it is necessary to make clear the limit of the charge density in a charged cloud with a given size. Furthermore, the critical charge quantity in the cloud at the discharge inception and the requirement of extension of brush-like streamer discharge should be investigated. Fig. 8 . Relationships between the charge quantity and peak current of discharge occurring toward a charged particle cloud
